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ABSTRACT
The economic crisis that occurred at the time of this research left numerous
residential developments in the Southeastern United States in various stages of
construction, creating a potential source of sediment runoff to waterways. Sediment
runoff is potentially damaging to aquatic ecosystems and lakes. The objectives of this
research include identifying these developments in upstate South Carolina through
GIS/remote sensing analysis and implementation of an integrated webGIS framework.
Residential development locations with significant bare soil areas were identified through
GIS analysis involving Landsat 5 TM classification and aerial photograph
verification. The Revised Universal Soil Loss Equation (RUSLE) was used in a
geographic information system (GIS) as a tool for prioritizing identified locations on the
basis of potential soil loss assuming the worst case scenario of a completely
unmaintained site. Furthermore, an online GIS tool provides the means to reach a large
number of people and access local knowledge. An online web mapping interface was
developed utilizing the ArcGIS Silverlight application programming interface to solicit
volunteered geographic information. The website allows the public to upload photos and
attributes of their own subdivisions or sites they have identified and explore other
submissions. The website was made available to the public in early February 2011 at
http://www.AbandonedDevelopments.com.

Collectively,

these

methods

build

a

foundation for greater public awareness of sedimentation from unfinished residential
construction sites and provide a framework for future webGIS application to soil and
water conservation and environmental management.
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CHAPTER ONE

PREFACE
This research explores the application of current and emerging GIS technologies
toward investigating the environmental impact of unfinished residential construction sites
during an economic crisis and explores its uses in soil and water conservation and
environmental monitoring. The research is organized into two main topics. The first
topic as described in Chapter 2 explains the use of current GIS analysis techniques for
identification of the construction sites. The second topic as described in Chapter 3
focuses on building a framework for employing new technologies in soil and water
conservation in the form of a website utilizing new GIS application programming
interfaces (API’s). The website’s goal is to further identify unfinished sites through
volunteered geographic information (VGI), verify previously identified sites, and educate
the public on the potential impact of these sites.

Results of this work may spur

community action towards re-stabilizing the sites and aid decision-makers in creating
new regulations that prevent site abandonment.
Chapter 3 describes an updated framework for combining current technologies,
computing advances, data sources, and social media in a webGIS system for application
to soil and water conservation and environmental management. This framework is tested
in the design and implementation of http://www.AbandonedDevelopments.com. This
part of the study also includes web analytics and methodology towards determining the
usability of the site and the degree of public engagement invoked by the site. The study
is currently early in its design, so results are from a short-term pilot study. Long-term
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evaluation of the website may yield a greater understanding of its usability and overall
effectiveness, and further determine the validity of using volunteered geographic
information to monitor environmental issues. Long-term collection of data may also
further verify the initial research presented in Chapter 2 through submitted sites that
overlap identified sites from chapter 2 and sites that were not detected through traditional
remote sensing analysis.
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CHAPTER TWO
SEDIMENT POLLUTION ASSESSMENT OF ABANDONED DEVELOPMENTS
USING REMOTE SENSING AND GIS
Abstract
The current economic crisis has left numerous residential developments in the
Southeastern United States in various stages of construction. Many of them are currently
graded and essentially abandoned, creating a major source of sediment runoff to
waterways.

Residential development locations with significant bare soil areas were

identified through classification of Landsat 5 TM satellite imagery and subsequently
verified from high-resolution county aerial photographs. The Revised Universal Soil
Loss Equation (RUSLE) was used in a geographic information system (GIS) as a tool for
prioritizing identified locations on the basis of potential soil loss assuming the worst case
scenario of a completely unmaintained site. Initial GIS identification indicated 301 sites
with a total bare soil area of 2,378 hectares over three counties in upstate South Carolina.
A random sample of 153 sites was visited over 17 days and assessed using a mobile GIS,
global positioning system (GPS), and digital camera for field validation. Results indicate
that 77.8% (119) of the sites were classified correctly (residential construction sites in
varying stages of completion); 88.3% of identified areas were less than 25% built
compared to the previous year; 47.9% were categorized as moderate to severe problems.
Abandoned and unfinished developments in upstate South Carolina may represent a
major source of sediment pollution to streams. This study indicates maintenance of
erosion control devices and establishment of ground cover as possible solutions.
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Introduction
Over recent years, the Upstate region of South Carolina has experienced an
unprecedented amount of growth in population and in the area of developed land (Allen
and Wyche 2008). Residential housing construction in the Upstate often involves the
conversion of forest or pasture to low-density housing developments.

During the

development process, careful management of exposed soil and storm runoff is necessary
to prevent sediment from being transported to nearby water bodies. Best management
practices (BMPs), when properly installed and maintained, can minimize the amount of
sediment pollution, but research has shown that even with BMPs sediment runoff can
occur (Goddard et al. 2008). The environmental impact of sediment runoff is well known
and can devastate aquatic ecosystems (Sciera et al. 2008). Anthropogenic sediments
(suspended and deposited) in small streams have been shown to negatively affect
photosynthesizing plants, benthic invertebrates, and fishes reducing habitat, food sources,
and reproductive success (Waters 1995).
The current economic crisis has left numerous residential developments in the
Southeastern United States in various stages of construction. Many of these development
sites in the Upstate region of South Carolina are currently graded and essentially
abandoned. Even if BMPs and sediment/water quantity control structures were properly
installed during active development, they will not continue to function if they are not
maintained. A protocol for rapid assessment of potential soil loss risk is necessary to
identify sites that require urgent attention. The combination of freely available Landsat 5
TM satellite imagery and high resolution county aerial photographs provides a quick and
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powerful tool for identification of bare soil sites in a geographic information system
(GIS). Other researchers have shown that it is possible to identify bare soil areas by
analyzing spectral data from Landsat TM imagery (Peng et al. 2003). Yue-Qing et al.
(2008) integrated the Revised Universal Soil Loss Equation (RUSLE) with GIS data to
help prioritize areas for urgent erosion mitigation in the Guizhou Province in China.
Schiettecatte et al. (2008) examined the impact of different land covers on predicted
erosion in Cuba to map areas with greater erosion pollution potential. Onori et al. (2006)
evaluated RUSLE soil loss risk on a basin scale using GIS in Southern Italy and found
the values comparable to two field intensive soil loss models. A recent study by Boomer
et al. (2008) contends that the RUSLE model is not applicable at the catchment scale for
sediment yield; however, we propose its use over small construction sites (mean area: 8.8
hectares) within a catchment for relative comparison rather than actual sediment yield
(Renard et al. 1997).
The primary objective of this study is to evaluate the potential for sediment
pollution from abandoned and unfinished residential developments in Upstate South
Carolina and develop a scalable protocol for identification and evaluation of the
developments to apply to a regional scale.
Materials and Methods
Site Description
The counties of Pickens, Greenville, and Spartanburg in Upstate South Carolina
in the southeastern United States were analyzed for this study. Approximately 83% of
the study area lies in the Piedmont physiographic province with the remaining area in the
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Blue Ridge physiographic province. The region is characterized by a humid subtropical
climate with mean annual temperature of 15.7º C and mean annual precipitation of 1,267
mm (Greenville-Spartanburg Airport, SC, SC-DNR 2005). High rainfall amounts may
contribute to greater risk of soil erosion by water. Topography ranges from gently rolling
hills and pasture land to mountainous terrain in the northern portions of the counties.
Soils in the region are typically Ultisols (contain high levels of silicate clays such as
kaolinite), Entisols, and Inceptisols (Soil survey staff 2009).
Identification of abandoned developments
Initial identification of bare soil areas was determined using a 30m resolution
Landsat 5 TM satellite image from June 2, 2009 for WRS-2 path 18, row 36 (scene
center: 34˚37’N, 82˚48’W). This methodology was selected for future scalability to a
regional area (not limited by availability and variability in county GIS data). This image
was the most recent haze/cloud free image for the study area at the time of analysis.
Atmospheric and radiometric corrections were performed in ERDAS Imagine 9.3
(ERDAS 2008) using the Chavez cost model (Chavez 1996). A supervised classification
was performed in Imagine to determine locations of bare site areas. Training sites were
selected in Microsoft Bing Maps (http://maps.bing.com) by drawing polygons around
sites using tools provided by the interface. High resolution oblique Pictometry images
included in Bing Maps allowed quick and accurate selection of training sites (opposed to
selection from low resolution Landsat image and/or field verification) and sites were
exported in Keyhole Markup Language (KML) format for import into Imagine and
overlay onto the Landsat image. Two bare soil classes which visually represented bare
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developments (cleared site, exposed soil) were used in the classification. Initial sites
were selected from those classes where pixel groups were greater than 2 acres in area.
Selected pixel groups were converted to vector polygons in ESRI ArcGIS 9.3 (ESRI
2009) to represent initial bare soil areas. Polygons were overlaid on recent high
resolution county aerial photos (table 2.1, figure 2.1) and systematically verified visually
as barren residential sites.

Commercial sites, residential sites greater than

approximately seventy-five percent complete, and areas whose status was unable to be
determined visually were excluded from the study. Sites were typically easy to identify
based on the characteristic red hue of the clays prevalent in the region and cul-de-sacs
surrounded by bare soil. Polygons created at the coarse 30m resolution were manually
edited in ArcGIS to better fit the sites visible in the high resolution aerial images during
the verification process.
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Table 2.1 - Data sources and descriptions.
Source

Data Layer*
Imagery
Landsat 5 TM satellite imagery,
WRS-2 Path 18, Row 36.
June 2, 2009

Resolution/Scale

U.S. Geological Survey

30m

Greenville county aerial photographs.
Feb.-Mar., 2009

Greenville county

0.46m

Spartanburg county aerial photographs.
Feb.-Mar.,2009

Spartanburg county

0.50m

Pickens county aerial photographs.
Feb.-Mar., 2008

Pickens county

0.15m-0.30m

Pictometry oblique aerial photographs
(access through Bing Maps),
circa 2008

Bing Maps
(http://maps.bing.com)

0.15m

RUSLE
Rainfall erosivity (R-factor)
isoerodent map

Digitized from Renard et
al. 1997

500m

Soil erodibility (K-factor)
SSURGO dataset

USDA-NRCS SSURGO
dataset (kffact data field)

1:24,000 scale

Slope length and steepness
(LS-factor) C++ algorithm to
derive from DEM

Van Remortel et al. 2004.†

Based on DEM

Digital Elevation Model (DEM)
Greenville county DEM

Greenville county

3.05m

Spartanburg county DEM

Spartanburg county

3.05m-6.10m

Pickens county DEM

Pickens county

6.10m

National Elevation Dataset (NED)
U.S. Geological Survey
~30m
1 arc-second DEM
NED
*All data layers projected to South Carolina state plane coordinates, NAD 1983
† Code available at: http://www.iamg.org/CGEditor/index.htm (accessed 1 Nov. 2009)

8

Figure 2.1 - Typical site polygon overlaid on high resolution aerial photograph
(Source: Greenville GIS Department).
Soil loss risk analysis
The revised universal soil loss equation (RUSLE, Renard et al. 1997) model was selected
to quantify risk of soil loss for each site based on its ease of use and readily available
data. The RUSLE equation is defined as:
A = R K LS C P

(1)

where A is the computed spatial average annual soil loss per unit of area, (t ha-1 yr-1), R is
the rainfall-runoff erosivity factor (MJ mm ha-1 h-1 yr-1), K is the soil erodibility factor (t
ha h ha-1 MJ-1 mm-1), LS is the slope length and slope steepness factor (dimensionless),
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C is the cover-management factor (dimensionless) and P is the support practice factor
(dimensionless) (Renard et al. 1997). Data and computations for each factor are as
follows:
Rainfall erosivity factor, R
The R factor is well-documented for the Southeastern United States and was
interpolated over the study area using the isoerodent map from the RUSLE manual
(Renard et al. 1997). The map was digitized, georeferenced, and rectified over the region
and rasterized for interpolation.
Soil erodibility factor, K
The K factor is also well documented within the study area and is readily
available within the Natural Resource Conservation Service (USDA-NRCS) Soil Survey
Geographic Dataset (SSURGO). The SSURGO ‘kffact’ data field which represents the
k-factor for the sand, silt, and clay portion of the soil was used in this analysis (Soil
survey staff 2009).
Slope length and slope steepness factor, LS
The LS factor is one of the most sensitive factors of the RUSLE equation.
Traditionally, the LS factor is a field measurement; however, many methods have been
developed for calculating the LS factor from a digital elevation model (DEM) with a GIS.
An iterative algorithm using raster grid accumulation and maximum downhill slope
methods developed in C++ (Van Remortel et al. 2004, 2001; Hickey 2000; Hickey et al.
1994) was used in this study based on its availability, ease of use, and use by several
other researchers (e.g. Onori et al. 2006; Kouli et al. 2008; Yue-Quing 2008). The LS

10

factor was calculated from high resolution DEMS where available for the greatest
accuracy (table 2.1). Sites within the study area exhibit large LS factor variation due to
the variability in terrain (flat, rolling, mountainous) within the Piedmont and Blue Ridge
physiographic provinces.
Cover Management Factor, C and Support Practice (Erosion control) Factor, P
The C and P factors were set to 1 (worst-case scenario) assuming there is no cover
(soil is left bare), and erosion control measures (sediment basins, silt fences, check dams,
etc) are no longer maintained on abandoned residential construction sites.
Calculations and Analysis
Soil loss was calculated over the region in an ArcGIS model utilizing the Spatial
Analyst Extension and masked by the identified sites polygon. Each cell contains the soil
loss value (t ha-1 yr-1). The cell values were converted to (t yr-1) with the following
equation:
C2
Y=A
10,000 m 2

(2)

where Y = soil loss cell value (t yr-1), A = soil loss cell value (t ha-1 yr-1), and C = cell
resolution (m), and summed within each polygon to obtain a total soil loss value for each
identified site. RUSLE values were normalized by dividing the total soil loss value for
each site by the site’s area for better comparison between the sites.
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Random Selection of Sites
A proportional stratified random sample was used to select approximately fifty
percent of the 301 sites. Sites were stratified according to area (ha). Fifty percent of
each strata were randomly selected for validation site visits (table 2.2).

Table 2.2 - Random sample stratification.
Area (ha)
No. sites
Percent
≤5
74
48.37
5-10
41
26.80
10-20
26
16.99
20-35
9
5.88
> 35
3
1.96

Site Visits
Typical site visit durations were between thirty minutes and two hours depending
on the size of the site and extent of problems. All of the sites in the random sample were
visited in seventeen days averaging nine sites per day. Data were collected at each site
utilizing a tablet computer with ESRI ArcPad 8.0 mobile GIS software, digital camera,
and GPS unit (small number of sites). Each site was visually inspected to identify
erosion related problems. Points or polylines were collected on each site to represent
erosion related problems such as buried or destroyed silt fences and catch basin
protection, evidence of sediment output from sediment basins, and erosion features such
as gullies or off-site sediment deposits. On each site, the location of off-site stormwater
outlets was determined and evaluated based on evidence of sedimentation and erosion at
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outlets (visual inspection). Digital pictures of each feature collected were geo-tagged and
hyperlinked to the points and polylines using custom scripting in ArcPad.
Features and pictures collected during site visits were evaluated to determine the
overall extent of the problem on each site based primarily on the amount of sediment
leaving the site (and/or directly entering a stream). A separate metric was maintained
based solely on the extent of erosion occurring on-site (visual inspection) without regard
to its transport off-site. Both metrics are categorical based on the ranking scale described
in table 2.3. Other overall data collected for each site included percent cover/bare soil
within identified area, number of new homes/buildings (percent of identified unfinished
area completed since aerial photo verification), level of erosion control present (none,
unmaintained, maintained), whether sediment was obviously leaving the site, whether
sediment was directly entering a stream, and whether the site appeared abandoned. The
percent of identified area that had been built upon since initial identification indicates the
amount of new residential construction in the time period between aerial photo
verification and field verification (Greenville, Spartanburg: approximately 1 year;
Pickens: approximately 2 years). This was calculated based on the amount of new homes
divided by the number of lots in the identified polygon when available and/or the area of
newly built homes over total area. Sites were considered abandoned if identified area
was in an unmaintained second phase even if existing phase(s) appeared maintained.
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Rank

Table 2.3 - Site evaluation description ranking.
Description
Extent of Onsite Erosion

0 (No Problem)

No evidence of rills, gullies, or transport of soil on site.

1 (Minor)

Less than 25% of site exhibits small rills or other evidence
such as soil entering road from lots but no gullies.

2 (Moderate)

Approximately 50% of site forming rills, soil eroding from
lots into roads, few or no gullies or a few areas of
concentrated problems.

3 (Major)

More than half of site showing rill erosion, major soil in
roads or filling up against silt fences, some major gullies or
several areas of concentrated problems.

4 (Severe)

More than half of site showing severe rill erosion, gullies
greater than 1m deep, destroyed or full silt fences, etc.
Overall Extent of Problem

0 (No Problem)

All outlets clean, no evidence of sediment leaving site.

1 (Minor)

Some evidence of small amount of sediment leaving site at
outlets, few areas without silt fence protection, etc.

2 (Moderate)

Evidence of moderate amount of sediment leaving site
intermittently at outlets and downed silt fences.

3 (Major)

Some gullying at outlets, buildup of sediment at outlets,
large amounts of sediment obviously entering stream.

4 (Severe)

Severe damage to outlet structures, deep gullies at outlets,
severely eroded and obviously silted receiving stream.
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Statistics
Spearman’s correlation coefficient, ρ, was used to determine correlations between the
extent of onsite erosion versus overall extent of problem and the level of erosion control
versus extent of onsite erosion. Spearman’s ρ was selected as an accepted measure for
evaluating ranked data.
Kruskal-Wallis nonparametric procedure for comparisons of more than three groups
was used to compare the percentage of bare soil, normalized RUSLE values, and
normalized RUSLE values multiplied by percentage of bare soil for the categories of
extent of onsite erosion.
Results and Discussion
Table 2.4 summarizes the total number of identified sites, area, and RUSLE soil
loss value per county determined through GIS analysis. Out of the 153 sites in the
random sample, 34 were deemed as a misclassification meaning that sites were
determined to be commercial or private residences during field verification (includes 3
sites that were not accessible due to a gate or other barrier). Over three quarters (119
sites, 77.8%) of sites in the sample were correctly classified as residential developments
in varying stages of construction. The misclassified sites (34 sites, 22.2%) were outside
of the scope of this study and were not evaluated for erosion and sedimentation problems.

County
Pickens
Greenville
Spartanburg

Table 2.4 - Identified development and area by county.
Total area
Total soil loss
(ha)
(t yr-1)
Total number of sites
959,821
30
132
1,939,763
158
1,325
113
921
1,589,791
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It is evident that very little construction has occurred in the study area within the
time period between the aerial photographs and field verification (approximately 1 year
for Spartanburg and Greenville counties; approximately 2 years for Pickens). Of the 119
correctly classified sites, 88.3% were less than 25% built in the identified areas; 59.7%
had zero new houses or buildings (figure 2.2). Over half of the sites showed evidence of
sediment leaving the site, and nearly half directly entered a stream (table 2.4). Typically,
sediment loss was due to bare lots eroding to catch basins and carrying sediment to
unmaintained sediment basins which have filled with sediment, are undersized, or have
damaged control structures.

Several sites exhibited buried, damaged, or otherwise

ineffective silt fence that was not holding back sediment from directly leaving the site.
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Figure 2.2 - Distribution of random sample – percent of identified area built per site.
*Percentage calculated based on number of new houses/units built in identified polygon.
Indicates the amount of new residential construction in the time period between aerial
photo verification and field verification (Greenville, Spartanburg: approximately 1 year;
Pickens: approximately 2 years).
Tables 2.5 and 2.6 summarize overall descriptive statistics and answers to
questions evaluated for each site. Figures 2.3 and 2.4 depict the spatial distribution and
overall extent of problem for the 119 applicable sites in the random sample. The sites are
primarily located at the edge of urban areas.
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Table 2.5 - Answers to field verification questions by county for 119 sites in random sample.
County
Spartanburg
Pickens (n=12)
Greenville (n=67)
(n=40)
Percent
Percent
Percent
No.
within
No.
within
No.
within
Sites
county
Sites
county
Sites
county

All Sites (n=119)

No.
Sites

Percent of
all sites

Is sediment leaving site?
Yes

4

33.33%

32

47.76%

28

70.00%

64

53.78%

Is sediment entering stream?
Yes

4

33.33%

27

40.30%

24

60.00%

55

46.22%

Are erosion control measures
in place?
No
Yes, Unmaintained
Yes, Maintained

2
5
5

16.67%
41.67%
41.67%

7
24
36

10.45%
35.82%
53.73%

6
24
10

15.00%
60.00%
25.00%

15
53
51

12.61%
44.54%
42.86%

Does site appear abandoned?
Yes

5

41.67%

23

34.33%

19

47.50%

47

39.50%
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Table 2.6 - Overall descriptive statistics for 119 sites in random sample.
County
Pickens (n=12)
Greenville (n=67)
Spartanburg (n=40)
Mean
St. Dev.
Mean
St. Dev.
Mean
St. Dev.
Extent of Onsite
Erosion

All Sites (n=119)
Mean

St. Dev.

1.92

1.68

1.28

1.26

1.30

1.07

1.35

1.25

1.75

1.42

1.46

1.58

1.73

1.40

1.58

1.50

Percent Built

22.50

32.51

10.69

23.17

9.65

22.65

11.53

24.13

Percent Bare

48.33

32.91

34.70

27.74

26.63

24.66

33.36

27.78

Overall Extent of
Problem
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Figure 2.3 – Spatial distribution of field verified overall extent of problem in 119
randomly sampled sites.
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Figure 2.4 - Distribution of random sample – overall extent of problem (offsite
sedimentation).
There is evidence that a positive correlation exists between the extent of onsite
erosion and overall extent of problem (Spearman’s ρ = 0.864, p<0.0001) for all sites,
suggesting that preventing erosion onsite plays an important role in preventing offsite
sedimentation. There is also evidence that a negative correlation exists between the level
of erosion control and extent of onsite erosion (Spearman’s ρ = -0.687, p<0.0001) for all
sites where level of erosion control is based on 3 levels (None present, Present but
unmaintained, Present and maintained).

This suggests that well-maintained erosion

control devices may be useful in preventing offsite sedimentation.
The RUSLE values were not found to be different for the different levels of onsite
erosion and overall extent of problems in this study. Normalized RUSLE scores did not
significantly differ for the onsite erosion categories (Kruskal-Wallis Χ2(4 df) = 8.5195,
p=0.0743) (figure 2.5). At least one of the extent of onsite erosion categories has a
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significantly different average percentage of bare soil (Kruskal-Wallis Χ2(4 df) =
52.1812, p<0.0001) (figure 2.6) and at least one of the onsite erosion categories has a
significantly different average normalized RUSLE value multiplied by percentage of bare
soil (Kruskal-Wallis Χ2(4 df) = 43.4146, p<0.0001). This suggests the importance of
cover in both the application of the RUSLE model for prioritizing sites, and for
preventing onsite erosion.

Figure 2.5 - Normalized RUSLE values versus overall extent of problem boxplot.
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Figure 2.6 - Percentage of bare soil versus extent of onsite erosion boxplot.

Summary and Conclusions
The classification success rate for the techniques we developed for rapid location
and verification of abandoned and unfinished residential developments was greater than
75%.

This would likely be improved based upon the experience of the individual

performing the aerial photo verification process. This study also considered commercial
sites and private residences to be misclassifications despite their potential to yield similar
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problems. GIS mapping suggests that the sites are highly clustered at the urban-rural
interface surrounding large population centers (cities of Spartanburg and Greenville in
this study). Further research is necessary to quantify this clustering and determine its
usefulness as a predictor for locating and prioritizing these sites.
While previous studies have shown the RUSLE model not to be suitable at the
catchment scale (Boomer et al. 2008; Kinnell 2004; Trimble and Crosson 2000a,b), we
predicted the focus on relatively homogeneous construction sites at a larger scale within
the catchments would still yield a positive correlation. The positive correlation with the
percentage of bare areas and onsite erosion along with the highly variable ground cover
on visited sites suggests that cover is an important factor in this analysis and cannot be
assumed as zero. Variability in grading on construction sites may also contribute to error
in the RUSLE length-slope (LS) factor if the grading is too recent to be reflected in the
DEM used for calculation. Variability in maintenance level of erosion control devices is
an important factor that likely cannot be accounted for in the model. Further research is
necessary to determine if these factors could be modeled to yield a useful tool for
prioritizing sites.
Over the area encompassing three counties, very little construction has occurred
in over a year.

Our study suggests that nearly half of all unfinished residential

construction sites pose a moderate to severe problem in terms of erosion and offsite
sedimentation. This study also suggests the importance of performing erosion control
maintenance and establishing ground cover as a long-term solution on abandoned or
unfinished sites.
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CHAPTER THREE
AN INTEGRATED WEBGIS FRAMEWORK FOR VOLUNTEERED GEOGRAPHIC
INFORMATION AND SOCIAL MEDIA IN SOIL AND WATER CONSERVATION
Abstract
Volunteered geographic information and social networking in a webGIS has the potential
to increase public participation and provide timely data that may be otherwise unavailable
in soil and water conservation management. The objectives of this study were: 1) to
develop a framework for combining current technologies, computing advances, data
sources, and social media; and 2) develop and test an online web mapping interface to
solicit volunteered geographic information about sediment pollution of abandoned
developments in upstate South Carolina. The mapping interface integrates Microsoft
Silverlight, Bing Maps, ArcGIS Server, Google Picasa Web Albums Data API, RSS,
Google Analytics, and Facebook to create a rich user experience. The website allows the
public to upload photos and attributes of their own subdivisions or sites they have
identified and explore other submissions. The website was made available to the public
in early February 2011 at http://www.AbandonedDevelopments.com and evaluated for its
potential long-term success in a pilot study.
Introduction
Geographic information systems (GIS) have traditionally relied on data produced,
analyzed, and disseminated by trained scientists, often from government agencies. Soil
and water conservation issues often occur during storm events or at a scale that is
difficult to represent through aerial photography and remote sensing. In the last few
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years, technological advances and price decreases in consumer global positioning system
(GPS) units, cameras, and computers have spawned interest in data collection through
volunteered geographic information (VGI) – georeferenced crowdsourcing – especially
as government mapping and updating declines (Goodchild 2007). The use of VGI does
not replace the need for expert opinion and analysis in soil and water conservation but
may allow a small number of experts to efficiently complete initial evaluations of a large
number of locations. Advances in communication have played a critical role in the soil
and water conservation movement.

Up until the last decade, dissemination of

conservation information has been in the form of radio broadcasts, books, publications
and more recently, internet websites (Anderson-Wilk 2009). Now, online social media
and new ways to combine or “mash-up” internet services provide a new level of
interactivity, participation, and engagement to those who may have previously only been
on the receiving end of this scientific information. Together, advances in internet GIS
technology and communication create a new paradigm for public participation and data
collection in soil and water resource management.
Traditional GIS frameworks in natural resources have consisted of acquiring GIS
layers such as land use/cover, geology, soils, topography, hydrology, and infrastructure
through remote sensing or in situ monitoring followed by some combination and analysis
of those layers to produce an output for dissemination (Dale 1998). Photogrammetry and
remote sensing carried out by trained staff (often through government agencies)
traditionally provide the primary technology for core geospatial information acquisition
and update (Heipke 2004). Updating is the task of detecting and revising changes from
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the original dataset through field surveys, subsequent remote sensing or other data
sources (Heipke 2004). For certain uses, traditional means of updating or acquiring data
may be too expensive or too slow (Heipke 2010). The technology involved in this
framework has until recently been aimed primarily at the high-level user or expert
(Kowal 2002).
In the past decade, there has also been much research in applying participatory
democracy and coordinated resource management (CRM) in natural resource
management and decision-making; one of the key factors of this process is information
exchange and learning (Moote and others 1997). Including the public in this process has
led to the new field of public participation GIS (PPGIS) originally defined as “a variety
of approaches to make GIS and other spatial decision-making tools available and
accessible to all those with a stake in official decisions” (Schroeder 1996). Research in
environmental monitoring suggests that the scale and speed of new policy
implementations and decision-making varies according to the degree of involvement by
local stakeholders and may be three to nine times quicker at small scales when local
people are used in the monitoring process (Danielsen and others 2010).
Residents are generally most interested in mapping their immediate surroundings
- the area and environment they are the most familiar with - and thus often make less
mistakes and derive higher quality results (Heipke 2010). Local knowledge can provide
timely and relevant information that may not be available through traditional acquisition.
Irvine and others (2009) integrated land manager’s local knowledge to greatly increase
accuracy of deer habitat models. Georeferenced photographs can be especially useful in
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providing information on current conditions for a given location that may not be
acquirable from traditional remote sensing due to expense or technology limitations; this
new focus on ground-level crowdsourced imaging, termed proximate sensing, could
provide a future basis for land use/land cover determination (Newsam 2010).
Motivation and data quality are important considerations for soliciting
crowdsourced data and VGI, especially in a webGIS context. Various studies have been
conducted on contributor motivation to Wikipedia and Free and Open Source Software
(F/OSS) projects. Key motivators include: altruism, professional or personal interest,
intellectual stimulation, protection or enhancement of a personal investment, social
reward, enhanced personal reputation, creative outlet, and pride of place (Coleman and
others 2009). Others may be motivated by the perceived instrumentality of the website in
promoting change (Hertel and others 2003). Budhanthoki and others (2010) focus on
fun, learning, and instrumentality as primary motivators for contributors of geographic
information, noting that “when contributors see their data appear visually on maps, they
receive deep satisfaction.” The data obtained from VGI must also be credible. Often,
citizen science relies on specialized training of volunteers to achieve credibility (Flanagin
and others 2008). Research about users of Wikipedia and other user-generated content
sites suggests that allowing others to comment on submissions may also improve
credibility of submissions (Flanagin and others 2008).
A webGIS system – GIS mapping served over the internet to the client’s webbrowser - provides an ideal framework for public participation and two-way information
exchange and collection especially in soil and water conservation (Fig. 3.1). However,
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many current web-based GIS interfaces such as ArcIMS (ESRI 2002) are based on fullscale GIS capabilities which can be intimidating and inaccessible to the general public
(Haklay and others 2003).

Many newer webGIS systems rely on asynchronous

JavaScript and XML (AJAX) enabled “mash-ups” often powered through Google Maps.

Figure 3.1 - Updated framework for combining advanced technologies such as global
positioning systems (GPS), geographic information systems (GIS), and remote sensing
with increased computing capacities, multiple data sources including volunteered
geographic information (VGI), and social media (adapted from Kearns and others 2003)
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One example of VGI in a webGIS is OpenStreetMap – a map of the world that is
driven entirely by free public data and user contributions. In May 2008, OpenStreetMap
reported 33,000 registered users (Haklay and others 2008). As of December, 2010, the
number of registered users was greater than 325,000 and still rising steadily
(OpenStreetMap 2011).

VGI has also successfully promoted public knowledge of

emergency situations. One such example is “How’s my Street?” (CarnegieMellon 2011)
where citizens labeled road closures and openings on a public Google Maps “mash-up”
during an extreme snowstorm in Pittsburgh, PA. Another example in the field of natural
resources is a project in New Jersey where trained volunteers contributed pool locations
and various attributes including identification of herpetofauna and invertebrates to map
existing vernal pools (Rutgers 2009). In California, citizens have contributed locations of
oaks suffering from Sudden Oak Disease to an online map interface (Kelly and others
2004). In North Carolina and Alabama, citizens have been provided an interface to
upload photos, videos, and report cards for any site that may have failing best
management practices (BMP’s) such as damaged silt fences and overfilled sediment
basins (http://www.muddywaterwatch.org).

The site uses a standard web form for

submissions (report cards) and a small Google maps interface for selecting the location.
Exploring report card data and submissions requires the user to browse to several
different pages of the website.
World Wide Web (WWW) innovation in the mid-2000’s brought about a new
model of internet interactivity termed Web 2.0 centered on richer user experiences,
photo-tagging, users actively contributing to web page content, and participation instead
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of just publishing among other things (O’Reilly 2005). As a result, there has been an
explosion of public API’s allowing developers to call functions and data from multiple
diverse services creating new applications typically called “mash-ups”.

New public

API’s enabling GIS integration with browser RIA plugins such as Microsoft Silverlight
and Adobe Flash enable webGIS systems that are more media-rich and can be targeted
toward the average mid-level user rather than the high-level professional, possibly
producing an easier to use interface without severely stripped functionality.

New

innovations in geocoding, especially that of “rooftop geocoding” used by Bing Maps web
services and others, provide greater accuracy in creating coordinates based on addresses
and vice-versa in residential areas (Roongpiboonsopit and others 2010).
Web 2.0 interactivity has also brought about much quicker means of
communication and social interaction in the form of social networks, really simple
syndication (RSS) feeds, and blogs. Communication networks play an important role in
translating innovations to practice (Rogers 2003). Many scientific publishers such as the
Soil and Water Conservation Society are now integrating social networks into their
business model (http://swcsnetwork.ning.com/; Anderson-Wilk 2009).

Continued

engagement of contributors is also important; contributors often demand a very short
turn-around time for their posts to appear on sites (Bruns 2008). Functionality in the new
webGIS framework must include instant interactivity that moves at the speed of social
media by integrating with social networks, and allowing optional updates through RSS,
email or other means. Greater social interaction including commenting between users
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and explaining concepts to each other can lead to greater engagement, retention of
information, and likelihood of changed behavior (Anderson-Wilk 2009).
In the past several years, following the burst of the housing bubble, an
unprecedented number of residential construction sites in upstate South Carolina have
been left unfinished.

In an initial study using a traditional GIS framework, residential

development locations with significant bare soil areas were identified through
classification of Landsat 5 TM satellite imagery and subsequently verified from highresolution county aerial photographs (Werts and others 2011). Initial GIS identification
indicated 301 sites with a total bare soil area of 2,378 hectares over three counties in
upstate South Carolina (Werts and others 2011). A random sample of 153 sites was
visited and assessed using a mobile GIS, GPS, and digital camera for validation (Werts
and others 2011).

Results indicated 88% of identified areas were less than 25% built

over the previous year and 48% were categorized with moderate to severe problems with
on-site erosion and off-site sediment release through visual inspection (Werts and others
2011).

There is an urgent need to further identify the extent of this problem.

Volunteered geographic information in a webGIS may aid in data collection and public
awareness.
The primary objective of this study was to develop an integrated framework for
combining current technologies, computing advances, data sources, and social media for
future development in soil and water conservation. The secondary objective was to test
the viability of this framework in a case study utilizing a webGIS developed to solicit
VGI about sediment pollution of abandoned developments in upstate South Carolina.
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Study Sites
The webGIS focuses primarily on the counties of Pickens, Greenville, and
Spartanburg in upstate South Carolina in the southeastern United States.

VGI

submissions are also accepted in an approximately 100 kilometer radius surrounding the
counties.

The number of reported residential building permits for Greenville and

Spartanburg county unincorporated areas peaked in 2006 at 3,078 buildings (306,396,560
USD) and 2,035 buildings (206,537,267 USD), respectively.

In 2009, residential

building permits in these counties declined to 877 buildings (159,912,244 USD) and 546
buildings (60,714,286 USD), respectively, in response to the economic downturn.
Pickens county building permits stayed relatively constant from 2006 to 2009 with an
average of 272 buildings (81,204,585 USD) (US Census Bureau 2011a). Population
estimates as of July 1, 2008 indicated approximately 836,000 people lived in the three
counties combined (US Census Bureau 2011b).
Methods
Web Mapping Interface Development Components
The website was developed in Microsoft Visual Studio 2010 (Microsoft Corporation,
2010a) and Microsoft Expression Blend (Microsoft Corporation 2010b) using several
public application programming interfaces (API’s) in the C#.NET programming language
and ArcGIS Server (ESRI 2010a) (Figure 3.2).
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Figure 3.2 - Development components of webGIS
Microsoft Silverlight is a tool for creating rich internet applications (RIA) that run
through a client’s web browser and utilize the .NET framework (Microsoft Corporation
2010c). An RIA is a web application served through a web browser plug-in (such as
Adobe Flash/Flex, Java, or Microsoft Silverlight) that provides features similar to a
desktop application. This framework allows the web application’s graphical rendering
and processing to occur on the client’s computer and reduce dependence on the web
server, delivering a richer experience to the client. The ArcGIS API for Microsoft
Silverlight/WPF (ESRI 2010b) provides the map control and pre-built tools, various
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functions for manipulating the map, and the ability to interact with ArcGIS Server (ESRI
2010a). ArcGIS Server provides representational state transfer (REST) endpoints for
displaying layers such as points and polygons, and their attributes in the map. Feature
layers are stored in an ArcSDE (ESRI 2010a) Microsoft SQL Server database residing on
a Microsoft Windows Server 2008 web server (IIS7) and made available to the
Silverlight client through ArcGIS Server.
External Servers
The client application utilizes several external services to provide added
functionality and reduce load and storage requirements on the on-site web server. Base
maps for the application are loaded from Microsoft Bing Maps through a REST web
service provided by Microsoft. Using external base maps prevents the need for creating,
updating, and caching base maps on the on-site web server. All photos and photo
comments associated with point and polyline features in the application are stored in a
Google Picasa account. Photos and comments are uploaded, updated, and retrieved
through functions provided by the Google Picasa Web Albums Data API. Features
maintain a reference to their associated Picasa photo through a unique ‘PicasaID’
attribute (19 digit number stored as character string attribute in feature class table).
Analytics for the website are also stored in a Google account through the Google
Analytics service.
Web Services
Communication between the client application and the on-site web server is
achieved through calling Microsoft Windows Communication Foundation (WCF) web
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services hosted on the web server from the client application. This application utilizes
three web services (PicasaConnector.svc, ServerConnector.svc, SilverLogger.svc).
PicasaConnector.svc provides a proxy for accessing Google Picasa API functions
(uploading, retrieving, and updating photos). A proxy is currently required as Google
does not maintain a cross-domain access policy within its root web directory necessitated
by Silverlight for direct communication from the client application. The proxy also
allows for storage of sensitive account passwords on the web server rather than bundled
in the downloaded client application. A function to get the photos from the Picasa server
returns XML-based metadata about the photos including URL’s for thumbnails and
compressed photos. Display of photos in the Silverlight application occurs through databinding of URL’s to a ListBox control’s item collection (thumbnails in scrolling photo
bar) or ChildWindow control (display of large photos in photo viewing window). Actual
image downloads from Google Picasa’s server is directed by the individual URL’s.
ServerConnector.svc utilizes ArcObjects (ESRI 2010a) for storage of user submittal
points and attributes in the ArcSDE database. The service also writes a summary of each
new submission to a RSS feed. The RSS feed is then posted onto a Facebook Fan Page
wall set up for the website on each submission using the RSS Graffiti Facebook app
(http://www.facebook.com/RSS.Graffiti). SilverLogger.svc logs errors from the client
application to a SQL Server database table on the web server.
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Analytics
Google Analytics collects a large amount of standard anonymous analytics
information from each web page on the site through JavaScript calls to Google. The
primary metrics captured include the number of site visits, absolute unique visitors, and
visitor locations (city, state). The Silverlight client also tracks several custom events
(Table 1) by calling a JavaScript function embedded in its parent HTML document (in
addition to the standard Google Analytics snippet):
function jtrackEvent(category, action, label, value) {
_gaq.push(['_trackEvent', category, action, label, value]);
}
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Table 3.1 Custom Silverlight Events
Category

Event

Description

ApplicationEvents NewUser

Timers

Silverlight application successfully loads

ButtonOSD

Original Study Data button clicked

ButtonUserSubmittals

User Submittals button clicked

ButtonSubmitProblem

Submit Problem button clicked

ImageOpened5OSD

Five Original Study Data images opened*

ImageOpened5UserSub

Five User Submittal photos opened*

OSDTimer

Time (sec.): Original Study Data mode

UserSubmittalsTimer

Time (sec.): User Submittals mode

SubmissionSuccessTimer Time (sec.): to complete submission†
SubmissionEvents

Submission completed successfully

SubmissionSuccess

* One event is sent for every five photos to reduce number of HTTP requests.

† Timer begins after photo upload is complete or skipped since time to upload a photo is
highly variable due to connection speed and file size.
Website Evaluation
The usability of the site may have a significant effect on the degree of public engagement
(Meng and others 2010). This study measures the usability of the website in terms of
effectiveness, efficiency, and satisfaction based on the “walk up and use” principle (users
should not need training to effectively use the site) as outlined by ISO (ISO, 1998; Meng
et al, 2010) and initial degree of public engagement based on a combination of online
survey questions (Fig. 3.3, 3.4, and 3.5) and analytics (Table 3.2).
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Figure 3.3 - Online evaluation survey: website effectiveness
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Figure 3.4 - Online evaluation survey: website efficiency
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Figure 3.5 - Online evaluation survey: website satisfaction
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Table 3.2 Website Evaluation Indicators
Indicator

Source

Category: Effectiveness
User's opinion of erosion and sedimentation from

survey

abandoned and unfinished developments before and after
visiting site
Submittal success on first try

survey

Category: Efficiency
User's perceived ease of learning how to zoom, pan, and

survey

navigate the map; explore pictures and locations of
submitted developments; submit a site
Time (seconds) to complete a submission

custom analytics

Category: Satisfaction
User's overall perception of website's ease of use and

survey

effectiveness in promoting environmental awareness and
change
Category: Public Engagement
Number of visits

standard analytics

Visitor cities/states

standard analytics

Amount of time spent in each mapping mode

custom analytics

Number of images opened

custom analytics
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Results
AbandonedDevelopments.com was deployed in March, 2011 as a webGIS
framework utilizing new GIS application programming interfaces (API’s) for a rich
internet application experience along with tighter integration with social media. The
website is focused on collecting and disseminating data pertaining to abandoned or
unfinished residential construction sites and their potential for sediment pollution in the
upstate region of South Carolina and surrounding areas. The webGIS interface: displays
sample photos and sites from the original study; allows visitors to submit the location as
well as pictures and comments about their own subdivisions or sites they have identified;
allows users to view and comment on other users’ submissions. There are four main
modes of operation switched by clicking the buttons in the upper left corner of the
interface (“Initial”, “Original Study Data”, User Submittals”, “Submit Problem
Development”).
Initial (No button clicked)
Base maps are loaded from Bing Maps and the map has basic functionality (zoom in,
zoom out, pan, search for a location by entering an address).
Original Study Data
The Original Study Data mode loads a small sample of sites with points and polygons
representing erosion and sedimentation issues on the sites (gullies, damaged silt fences,
sediment entering streams, etc.) and a photo bar which dynamically updates with
thumbnails associated with the features (Fig. 3.6). When a user clicks on a point or
polyline, the feature is identified and the photo bar is automatically scrolled to the proper
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photo. The photo is opened in a child window (Fig. 3.7) and the user is able to add and
read comments about the photo. Alternately, the user may click on any thumbnail in the
photo bar and then click the “Zoom map to pic location” button in the photo window to
position the map in the correct location (Fig. 3.8).

Figure 3.6 – Sites, features, and photo bar thumbnail display
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Figure 3.7 – Photo display window
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Figure 3.8 – Zoom map to photo location
User Submittals
The User Submittals mode loads points and pictures that have been uploaded by
public users through the Submit Problem Development mode. Points are clustered when
the map is zoomed out for easy viewing and loading for a large number of points.
Interaction with the map and photo bar in this mode is similar to the Original Study Data
mode.
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Submit Problem Development
The Submit Problem Development mode guides the user through submitting a
photo, location, and attributes describing a problem in their subdivision or other sites they
have identified. Upon clicking the “Submit Problem Development” button, the user is
prompted to upload a photo (optional). If the photo has GPS coordinates in its EXIF data
(processed through on-site server web service), the map is automatically zoomed to the
photo location and the user is prompted to confirm the location of the photo. The user
may revise the location at this point. If the photo does not have GPS coordinates, the
user is prompted to define the location by clicking on the map where the photo was taken.
After the photo location is confirmed, the address is determined through a Microsoft Bing
Maps geocoding web service and the user is prompted to enter attributes about the
submission in a child window form (Fig. 3.9). Upon successful completion of the
submission, the photo is uploaded to Google Picasa, the photo’s PicasaID is retrieved,
and the PicasaID, attributes and location are uploaded to the on-site web server for
storage in an ArcSDE database. The submission is instantaneously available for viewing
upon clicking the “User Submittals” button to reload the submittals.
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Figure 3.9 – Submission attributes form
Analytics
Analytics for the site were collected from March 27, 2011 to April 22, 2011 for a
preliminary analysis of the site’s usage following a press release issued on March 29.
The press release was displayed in several online venues including Clemson University’s
web site, The Greenville News via GreenvilleOnline.com, and GSA Business (Kent
2011; Simon 2011; GSA Business 2011). The site received 154 visits on the day of the
press release and 123 visits the following day (Fig. 3.10). Following the initial spike, the
site averaged approximately 8 visits per day. While the majority of site visits came from
South Carolina, especially around the targeted counties of Greenville, Spartanburg, and
Pickens, there were several visits from other states around the country (Fig. 3.10). The
website consisted of six main pages: an entrance page describing the project (/), terms of
service for Silverlight page (TermsOfService_S.htm), Silverlight viewer page
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(AbandonedSilverlight.hm),

terms

of

service

for

traditional

web

form

(TermsOfService_EF.htm), traditional ASP.Net web form offered as alternative means of
submitting developments for users that were unable or unwilling to use the Silverlight
viewer (EasyForm.aspx), and a privacy policy (PrivacyPolicy.htm).

The number of

views for each page was recorded by Google Analytics (Fig. 3.11). Custom Silverlight
analytics were also recorded (Fig. 3.12).

Figure 3.10 – Google Analytics data: number of site visits in United States and
South Carolina (inset) from March 27, 2011 to April 22, 2011
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Figure 3.11 – Google Analytics data: number of page views for each page on website
from March 27, 2011 to April 22, 2011

Figure 3.12 – Google Analytics data: number of custom Silverlight events recorded for
website from March 27, 2011 to April 22, 2011
AbandonedDevelopments.com generated 413 site visits during the preliminary
analytics period. From these visits, there were 190 views of the Silverlight webGIS
viewer indicating that approximately 46% of visitors to the website attempted to use the
Silverlight webGIS. The user must agree to the terms of service before entering the
webGIS viewer, and the analytics data (194 terms of service page views) indicates that
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greater than 99% of the visitors that attempted to use the Silverlight viewer agreed to the
terms of service. There were only 3 views of the privacy policy. These data indicate that
the privacy policy and the terms of service were likely not a barrier to visitor
participation. Only 11 visitors viewed the traditional ASP.Net web form indicating a
strong preference for the Silverlight webGIS, however it must be noted that the
traditional web form can only be used for submitting developments and not for viewing
pictures of original study data and other submittals. The ‘NewUser’ custom Silverlight
event was recorded 123 times for the 190 Silverlight viewer page views. This indicates
that approximately 35% of visitors that attempted to access the Silverlight viewer were
not able to load the application. A small percentage of these may be attributed to
attempted access from unsupported platforms such as mobile phones or Linux. This
could also indicate some users’ unwillingness or inability to install the Silverlight plugin
on their computer. Of the 123 ‘new users’, 58 pressed the Original Study Data button
and 60 pressed the User Submittals button. It is not possible to tell whether a small
number of users pressed both buttons or if a larger number of users typically pressed only
one of the buttons. This may indicate that some users are confused upon entering the
interface and do not attempt to click either button. Better instructions or clarification
upon entering the webGIS could significantly improve these numbers. The custom
events recorded at least 290 Original Study Data photos were viewed and at least 105
User Submittals photos were viewed. Ten submissions were completed during the
analysis period and an average time of 159 seconds was recorded for the submissions
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possibly indicating that the time to complete a submission was not a significant barrier to
those who wished to submit a development.
Online Survey
During the preliminary analysis period from March 27, 2011 to April 22, 2011, five users
submitted survey responses to the online survey.

Individual responses to website

effectiveness question one indicate that one user’s opinion on the impact of erosion and
sedimentation from abandoned and unfinished developments was changed after viewing
the website (Fig. 3.13). Their opinion before visiting the website was “Not an issue” and
after visiting the website was “Major impact to streams and lakes”. The remaining
participants that answered the before and after question showed no change possibly
suggesting that the website is reaching those who are already aware of this issue, or that
these users are more likely to fill out the survey. Responses to website effectiveness
question two indicate the users that submitted development locations and filled out the
survey (three users) were able to successfully complete a submission on the first attempt
(Fig. 3.13).
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Figure 3.13 – Online survey: responses indicating website effectiveness
from March 27, 2011 to April 22, 2011
Responses to website efficiency question one indicate that all respondents were
able to learn zooming, panning, and navigating the map, exploring pictures and locations
of submitted developments, and submitting a site of their own very quickly or with little
effort (Fig. 3.14).
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Figure 3.14 – Online survey: responses indicating website efficiency
from March 27, 2011 to April 22, 2011
Respondents to website satisfaction questions agree to strongly agree that the
website was easy to use overall (Fig. 3.15). Two respondents agreed with the statement
“I think a website like this will be effective in promoting environmental awareness and
change” while two others were neutral (Fig 3.15).

Figure 3.15 – Online survey: responses indicating website satisfaction
from March 27, 2011 to April 22, 2011
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Discussion
Rich interactive websites today are often a result of combining technologies,
services, and data from several diverse services.

WebGIS systems like the one

implemented here take advantage of this approach creating a compact solution with
minimal hosting requirements. Using externally served base maps saves time that may
otherwise be spent acquiring data through remote sensing or other means, building map
server caches, and subsequently updating the base data. Using an external service for
storing and serving images has multiple advantages. Image storage requirements on the
on-site web server are reduced to a 20 byte character string for each image versus several
megabytes. Picasa automatically generates thumbnails and a compressed version of the
uploaded image, and serving of thumbnails and photos downloaded from the site is
handled by Google’s server reducing the load on the on-site web server. This also results
in reduced bandwidth requirements for the on-site server since it only has to send each
image’s Google URL to the client computer (approximately 100 bytes) and let’s Google’s
servers send the actual compressed image (approximately 200Kb in this case).
Comments are also linked to photos without additional programming. At the time of this
writing, Google provides up to 1GB of storage free and is upgradeable to 20GB for 5
USD per year along with other options, providing a cheap alternative to purchasing
another server. While this solution relies on several proprietary software packages, there
are free and open sourced alternatives currently available for nearly every component of
this implementation.
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Volunteered geographic information provides a proximate sensing solution for
soil and water conservation issues. Locations of abandoned developments were able to
be identified through traditional GIS analysis (Werts and others, 2011); however,
conditions at individual sites are constantly changing creating the need for a constantlyupdating sensor network that is too expensive and at too fine of a scale to be implemented
with current remote sensing technology.

By also enabling commenting on VGI

submissions, the credibility of the data may be increased along with public understanding
and retention of knowledge (Flanagin 2008; Anderson-Wilk 2009).

Instantaneous

display of submissions and automatic updating to an optional RSS feed and Facebook fan
page offer interactivity and information at the speed required keeping the public engaged
in today’s data-rich environment (Bruns 2008).
The submittal process along with viewing other submissions, photos, and
comments are all integrated into one web map rather than spread across several standard
HTML web pages. Utilizing new API’s for webGIS, the application is focused on a
specific soil and water conservation issue and is targeted toward a multimedia experience
rather than toward typical full-scale GIS capabilities which can be intimidating to the
general public (Haklay and others 2003).
AbandonedDevelopments.com may help further map and identify the overall
extent of sediment pollution from abandoned developments and/or identify hotspots of
abandoned developments for further analysis. Protection or enhancement of a personal
investment may strongly motivate people to contribute photos of erosion problems or
silted streams, especially for those stranded in abandoned developments or affected by
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sediment-laden runoff (Coleman and others 2009). Others may be motivated by the
ability to learn from the website through the submission process and through the
website’s training and educational content, or the perceived instrumentality of the website
in promoting change (Hertel and others 2003; Budhanthoki and others 2010).
WebGIS Policy Implications
There are numerous policy implications for usage of the updated webGIS
framework (Fig. 3.1) in soil and water conservation, sustainable agriculture, planning,
and environmental regulation.

The National Environmental Policy Act (NEPA)

mandates consideration of environmental concerns in decision making and planning –
readily accessible information and public participation in all stages of the process ensures
full consideration of all options and environmental impacts (Rubin 1995). The Clean
Water Act (CWA), originally focused only on point source pollution, was amended in
1999 to address smaller municipalities and construction sites, but the Environmental
Protection Agency (EPA) lacks express authority to enforce total maximum daily loads
(TMDLs) and has relaxed standards by easing states’ abilities to list imperiled waters
under categories that do not require TMDL definition (Seidenberg 2006). Citizen input,
monitoring, and litigation by grassroots environmental organizations have been critical to
enforce CWA regulations as a result (Seidenberg 2006). In agriculture, the 1996 Federal
Agriculture Improvement and Reform Act (FAIRA) marked a transition from focusing on
field and farm scale conservation to watershed scale conservation programs (Coyne &
Thompson 2006). This shift marks a fundamental change in conservation programs from
commodity based consideration to sustainability of the natural resource base (Coyne &
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Thompson 2006).

Transition to this wider view of sustainable agriculture and

management of multiple ecosystem services is dependent on the development of social,
economic, and environmental information, identification of conflicting priorities among
stakeholders, enhanced communication and regional cooperation among farmers and
stakeholders, and public education (Hanson and others 2008). Coordination between
multiple agencies and stakeholders is often necessary in conservation and regulation at
the scale required to encompass this bigger picture view of sustainability. The resulting
concept of modular environmental regulation “seeks to overcome regulatory fracture
through inter-agency and inter-stakeholder coordination. It requires that institutional
form follow function, relies on agreement based decision making, facilitates social
learning, and both encourages and depends upon an adaptive process in which
information plays a crucial role” (Freeman 2005).

Agriculture and conservation

disciplines are moving toward a new paradigm of greater communication, cooperation,
participation, and transparency that necessitate a timely and constant flow of diverse
spatial information. An integrated webGIS framework provides the means for acquiring
and accessing timely data and facilitating participation from multiple stakeholders in a
targeted and accessible online virtual community.
Management Implications
State extension programs, public service activities (PSA), and environmental
agencies are currently faced with shrinking budgets and a reduction in personnel.
Clemson University PSA state appropriations have been cut by 46% since 2008 (Clemson
University 2011). In 2010, University of Georgia Cooperative Extension lost 23% of its
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state funding, 88 county extension agents, and 26 specialist and administrator positions
(Southeast Farm Press 2010). In response to this, their new information delivery model
includes an increase in online materials and an emphasis on a more active virtual
community (Southeast Farm Press 2010). South Carolina Department of Health and
Environmental Control reported significant reductions in environmental monitoring
programs due to budget cuts, especially to water programs including stormwater and
ambient water quality among others (Environmental Council of the States 2010).
With reduced government funded personnel, the burden of data collection and
environmental monitoring may shift more to volunteers.

With more limited public

outreach and face-to-face interactions coupled with the public’s expectation for
immediate information, agencies must rely on forming virtual communities for
dissemination of scientific data and ideas. A survey of Wisconsin and Illinois soybean
growers found that 70-100% used computers, 11-50% use smart phones and 30% are on
Twitter, Facebook, or LinkedIn, popular social media sites (Crop Science Society of
America, 2011) These numbers are only expected to rise as newer generations of farmers
take over. Volunteered geographic information and social media in a webGIS system
responds to this paradigm shift by providing a self-sustaining framework for equitable
and instantaneous data access using limited resources.
Google Maps initially brought simple GIS mapping to the general public. As
software advances continue to make webGIS systems more user-friendly and acceptable
to a wider audience, visual information that is quick and easy to digest along with greater
interactivity and social media-enabled communication could lead to increased
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participation by the general public in soil and water conservation and environmental
regulation.
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CHAPTER FOUR
CONCLUSION

This research explores the application of traditional GIS and remote sensing
analysis to a soil and water conservation issue and introduces a new framework for
analysis using a webGIS system.
Chapter two provided a methodology and results for utilizing Landsat 5
classification, aerial photo verification, and site visits for identification of unfinished
residential construction sites.

This chapter focused on technologies that were well

established and documented in the literature.

A substantial number of sites were

identified and evidence of erosion and off-site sedimentation were documented using a
mobile GIS and GPS solution. This methodology was developed in such a way that it
does not depend on the availability of local county data for identification of sites and can
thus be applied to a regional scale. While local county GIS aerial photographs were used
in this study, National Agricultural Imagery Program (NAIP) imagery would be suitable
for larger scales.
Chapter three provided a framework for combining current technologies,
computing advances, data sources, and social media in a webGIS system for application
in soil and water conservation issues.

Given the constantly changing nature of

environmental issues, volunteered geographic information in a webGIS system may
provide the constantly updating sensor network necessary to track these issues along with
social media for providing timely information and facilitating communication. This
framework was tested in the implementation of AbandonedDevelopments.com, a website
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with an interactive map and integrated social media that allows the public to submit
locations, photos and attributes of unfinished construction sites. Chapter three explores
the application of webGIS systems such as this one in soil and water conservation and
environmental policy through increasing public participation and environmental
monitoring despite reductions in government agencies’ budgets and personnel.
This research taken together provides the basis for comparison of traditional GIS
analysis frameworks with a new framework for data collection, public participation, and
scientific dissemination in soil and water conservation.
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